Reflectance studies on single crystals of a series of rare-earth (R =Pr, Nd, Sm, Cxd) copper oxides have been made to determine phonon frequencies as a function of rare-earth mass. The increase in interatomic force constants with increasing rare-earth mass, which leads to a reduction in the lattice parameters, increases the vibrational frequencies.
I. INTRODUCTION
The recent discovery of n-type superconductors in lanthanide copper oxides' has brought renewed interest to the optical characterization of these materials. There is a structural phase change in the lanthanide cuprates when La is replaced by Pr, Nd, Sm, or Gd. ' These structural changes have a direct effect upon the phonon frequencies in the ir spectrum and, knowing the phonon assignments for the La compound, ' the assignments for the substituted compounds can be made by a direct comparison. " This paper will discuss the effects of the different rare earths on the crystal structure and how these changes affect the phonon frequencies. Infrared ab plane reAectance will be analyzed for the frequency shifts due to the relocation of the apical oxygen atoms. An estimate of the zero-frequency dielectric constant will be made from two separate calculations. Our results are in good agreement with recent studies of Nd2Cu04 (Refs. 6 and 12) and Pr2CuO&. ' 
'
These materials form in a tetragonal crystal structure, when R is one of the rare earths Pr through Vd, with Cu02 planes in which the oxygen atoms are squareplanar coordinated about copper ions. ' ' Unlike the orthorhombic (quasitetragonal) La2Cu04, where the Cu04 are octahedral coordinated with two apical oxygens, the apical oxygen atoms have relocated to form an R-02-R plane between the Cu02 planes. This allows for a more compact structure and the unit-cell volume decreases monotonically with increased R mass (i.e. , decreased R ionic size), as shown in Fig. 1 cm ) which are most likely due to c-axis phonons in these randomly oriented samples. ' ' The origin of the feature at 404 cm ' in the Nd2Cu04 pellet spectra is unknown.
The phonon frequencies can be seen much more clearly by performing a Kramers-Kronig analysis and examining the real part of the frequency-dependent conductivity, cr&(m), as shown in Fig. 4 
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his is then fit to the data using a nonlinear-leastsquares-Atting routine. Fit parameters are listed in Table   I for the single-crystal samples. This mode has similar behavior to the CuOz bending and stretching modes in the T' phase. The final mode near 125 cm, which is associated with the R-lattice vibration in the T phase, is shown in Fig. 5(a) . Here we see that the relationship with the changing a-lattice parameter is very weak. However, the gradual shift allows us to retain the mode assignment. There is a shift down in frequency when La is changed to Pr ( T to T' phase) , which is due to the relocation of the apical oxygens into a tighter formation around the rare-earth ions. Further 
